Purpose: To identify the barriers to, and facilitators of, the implementation of physiological track and trigger systems (PTTSs), perceived by healthcare workers, through a systematic review of the extant qualitative literature. Data sources: Searches were performed in PUBMED, CINAHL, PsycInfo, Embase and Web of Science. The reference lists of included studies were also screened. Study selection: The electronic searches yielded 2727 papers. After removing duplicates, and further screening, a total of 10 papers were determined to meet the inclusion criteria and were reviewed. Data extraction: A deductive content analysis approach was taken to organizing and analysing the data. A framework consisting of two overarching dimensions ('User-related changes required to implement PTTSs effectively' and 'Factors that affect user-related changes'), 5 themes (staff perceptions of PTTSs and patient safety, workflow adjustment, PTTS, implementation process and local context) and 14 sub themes was used to classify the barriers and facilitators to the implementation of PTTSs. Results of data synthesis: Successful implementation of a PTTS must address the social context in which it is to be implemented by ensuring that the users believe that the system is effective and benefits patient care. The users must feel invested in the PTTS and its use must be supported by training to ensure that all healthcare workers, senior and junior, understand their role in using the system. Conclusion: PTTSs can improve patient safety and quality of care. However, there is a need for a robust implementation strategy or the benefits of PTTSs will not be realized.
Introduction
The incidence of in-patient hospital deaths has been estimated to be 9.5 patients per 1000 admissions [1] . Many of these deaths are not without prior warning signs of patient deterioration. This deterioration is often preceded by identifiable, negative changes in physiological parameters [2] [3] [4] [5] [6] in the hours preceding serious adverse events such as cardiac arrest, intensive care admission and death [4, [6] [7] [8] . Physiological track and trigger systems (PTTSs) are increasingly being used as an aid to help healthcare workers identify deteriorating patients so that immediate, appropriate intervention can occur [9] .
PTTSs utilize simple algorithms into which data pertaining to key vital signs (e.g. heart rate) are inputted [10] . A single composite score is generated and can be used by the medical team to determine the stability of the patient's condition and to inform decisions regarding any changes in care [11, 12] . The implementation of PTTSs has been widely recommended to ensure that patient deterioration is recognized and addressed [12] . There is also emerging evidence that the information provided by PTTSs can improve the ability to detect clinical deterioration [13] . PTTSs have been found to help reduce intensive care unit (ICU) admissions after emergency surgical procedures [14] , and to be predictive of sudden adverse events (SAEs) [7] . PTTSs are used in an increasingly diverse range of medical settings such as paediatrics [12, 15] , surgery wards [16] and obstetrics [17] . However, despite the potential for PTTSs to have a positive impact on patient safety and quality of care [18] , compliance with these systems has been found to be poor [11, 19, 20] .
Non-compliance with PTTSs includes failure to record vital signs [21] , or to take appropriate actions based upon the score [11, 20, 22] . These issues have been linked to problems with implementation, particularly in terms of the adequacy of the training on using the PTTSs [20, 22] . System-specific issues have also emerged which may limit the universal implementation of PTTSs such as limited utility with particular patient populations (e.g. chronic obstructive pulmonary disease (COPD); palliative care patients [23] ), and human factors issues such as staff attitudes, poor communication of deterioration or confidence in the PTTS [24] .
Given that the potential of PTTSs to improve patient care and prevent SAEs, healthcare workers' lack of compliance with the implementation of these systems is concerning. This creates a need to identify and address the factors that are contributing to inappropriate, or non-, use of these systems. The aim of this systematic review is to examine, and synthesize, the qualitative research that has been carried out with healthcare workers that reports barriers to, and facilitators of, the implementation of PTTSs. Healthcare workers have a unique insight into the functioning of interventions or systems in situ. Their knowledge regarding barriers and facilitators to effective and appropriate implementation of PTTSs may inform future research in this area or specific changes required to these systems.
Methods

Search strategy
Comprehensive searches were performed using PubMed, CINAHL, PsycInfo, Embase and Web of Science, in August 2016. A sample search strategy for this systematic review is presented in Supplementary Material 1. The searches used a combination of 'early warning' OR 'track and trigger' with a series of terms relating to healthcare workers and healthcare institutions. Year of publication was not restricted within the searches. All titles and abstracts returned during searches were screened to identify potentially relevant articles. Where an article appeared relevant, the full-text was viewed and a decision regarding its inclusion or exclusion was made. Finally, the reference lists of all included papers were examined to identify other potentially suitable studies for inclusion.
Inclusion criteria
Studies were required to present qualitative data concerning the perspectives and experiences of healthcare workers regarding the implementation of a PTTS within a hospital setting, be written in English, and be published in a peer-reviewed journal. Consistent with guidance from the Cochrane Qualitative Research Methods Group [25] , we restricted the qualitative studies included to: empirical studies with a clear description of the sampling strategy, the data collection procedures and the type of data analysis used.
Exclusion criteria
Excluded studies were editorials, reviews and papers that were not based on actual experiences related to the implementation of PTTSs, quantitative-only studies or studies published in a language other than English. Studies were excluded if were we unable to determine the sampling strategy, data collection tool or how the data was analysed.
Data extraction
Data were extracted from each study on the following variables: author, year of publication, location of study, sample size, population (e.g. doctors, nurses), name of PTTS, qualitative data collection methods, summary of results and conclusion. Data extraction was performed independently by two researchers (F.C. and C.W.). There was agreement of 94.4% on the data extracted by the two raters. Areas of disagreement were resolved through discussion between the two raters.
Content analysis
Content analysis was carried out by F.C., P.O.C., S.L. and C.W. A deductive content analysis approach was taken to organizing and analysing the data [26] . This approach was used because we were using the dimensions, themes and sub themes identified by Bergs et al. [27] , as part of their analysis of barriers and facilitators to the implementation of surgical safety checklists, as an initial framework for organizing the key findings. The findings from the papers included in the review were extracted (see Supplementary Material 2).
Two dimensions were used to classify the data: 'User-related changes required to implement PTTSs effectively' and 'Factors that affect user-related changes'. The first dimension is concerned with ensuring that the PTSS is being used as intended. This dimension is focused on changes that need to be made at the team level in order to get doctors and nurses to actually use the PTTS. The themes identified in this dimension are concerned with the attitudes and perceptions of staff to the PTTS, as well as organizational level considerations. The main themes and sub themes for this dimension are shown in Fig. 1 .
The second dimension is concerned with the barriers to, or facilitators of, the user-related changes required to successfully implement a PTTS. The main themes and sub themes for this dimension are also shown in Fig. 1 .
Although the key findings were consistent with the themes identified by Bergs et al. [27] , it was necessary to make some changes at the sub theme level in order to ensure fit with the data collated from the PTTS papers. These changes to the Bergs et al. [27] framework were made through discussion and consensus. Graneheim and Lundman have previously emphasized the value of dialogue among coders in order to produce agreement on the way in which qualitative data should be coded [28] .
Based upon the revised framework, each of the papers was discussed among the four researchers, and consensus reached about the relevant themes and sub themes on the basis of the data provided within each paper. The classifications are provided in Supplementary Material 2.
Quality assessment
The methodological quality of the included studies was assessed using the Quality Assessment Tool for Studies with Diverse Designs [QATSDD; [29] ]. The QATSDD is a validated tool for assessing study quality [30, 31] and scores on this measure can range between 0 and 48, with higher scores indicative of stronger methodological rigour. To apply the instrument to the assessment of a qualitative study raters must appraise the study's: theoretical framework; presentation of aims/objectives; description of the research setting, consideration of sample size in terms of analysis; representativeness of sample; description of data collection procedures; explanation of measurement tool selection; description of the recruitment process; the correspondence between the research question and the format and content of the data collection; correspondence between the research question and data analysis methodology; explanation of analytical method chosen; determination of the reliability of the analysis procedures; contribution of users to study design; and acknowledgment of study's strengths and weaknesses. The methodological quality of the included papers was assessed by two reviewers (F.C. and C.W.). Any inconsistencies in scoring were reviewed and resolved through discussion.
Results
Search strategy
The search strategy yielded 2727 papers. Following the removal of duplicates, and further screening, a total of 35 papers were considered potentially suitable for inclusion (see Fig. 2 ) and their fulltext was examined. After full-text review, 10 studies were deemed to meet the inclusion criteria. Two of the included studies were mixedmethods.
Quality score
In these 10 studies, QATSDD scores ranged from 35.9 to 69.2% of the total possible score (M = 20.4, SD = 5.0). The studies performed best on the QATSDD subscale 'description of procedures for data collection', with a mean score of 2.7 (SD = 0.7) out of a possible total of three. The reviewed studies performed poorly on the subscales 'good justification for analytic method selected' (M = 0.7, SD = 1.2) and 'evidence of user involvement in design' (M = 0.3, SD = 0.7).
Synthesis of findings
Of the 10 included studies, 5 were carried out in the UK, 2 in Ireland and 1 each in the USA, Australia and Norway. Four of the studies only included a single type of healthcare worker (e.g. nurses), with the remainder having representation from more than one group of healthcare workers. The mean number of participants included was 47.1 (SD 64.5; range 6-218). The studies included an assessment of six different PTTSs: the Modified Early Warning Score (MEWS; n = 3), the Irish National Early Warning Score (NEWS; n = 2), the Early Warning Score (EWS; n = 1), the observation and response chart (n = 1), the Patient at Risk (PAR; n = 1) chart and the Modified Obstetrics Early Warning Score (MEOWS; n = 1) For more details, see Supplementary Material 2.
As shown in Fig. 1 , the data were classified under two dimensions: 'User-related changes required to implement PTTSs effectively' and 'Factors that affect user-related changes'. Dimension 1: User-related changes required to implement PTTSs effectively The themes, sub themes and descriptive examples from the included papers are shown in Table 1 . A more detailed outline of the included studies and the corresponding themes identified are provided in Supplementary Material 2. Theme 1.1: Staff perception of the PTTS and patient safety Some staff praised the system for alerting nurses and physicians to concerning vital sign changes [36, 37] , and helping staff to quickly identify deteriorating patients [22, 32] . However, there was a perceived negative impact of PTTSs on clinical judgement [22, 32, 38] . PTTSs were seen as improving the medical response to deterioration [22, 33, 34] . This increased patient intervention was commonly thought to result in alarm fatigue and the potential for false alarms [22, 32, 39] . The additional documentation was perceived to increase workload without substantive benefit [22, 34, 38] . A recommended solution was to streamline the documentation [32] .
Theme 1.2: Workflow adjustments
Integrating a PTTS into existing healthcare structures required a change in staff workflow [33, 35] . This may include the re-alignment of staff schedules [38] or streamlining of hospital protocols [32] . Rapid response to deterioration often depended on immediate availability of doctors. This lack of response is particularly challenging when senior medical team members were busy [22, 35, 39] . The lack of doctor availability was sometimes reported by nurses to lead to a delay in patients receiving the appropriate treatment [33] . However, the system was successful in increasing nurses' and junior medical staff members' initiative to take charge of a situation rather than waiting for a more senior doctor to arrive and diagnose the patient before starting treatment [33, 35] .
Dimension 2: Factors that affect user-related changes
The themes, sub themes and descriptive examples from included papers are shown in Table 2 . A more detailed outline of the included studies and the themes identified within each are provided in Supplementary Material 2.
Theme 2: PTTS The support of key multidisciplinary stakeholders is necessary for the success of the system [41] . There is a common perception that PTTS scores are devised without proper stakeholder involvement [38] . As such, the users of the PTTS can feel little psychological ownership of the system, which negatively impacts their likelihood of using it [38] . However, where staff perceived benefits in using the system, the level of psychological ownership is higher than when this is not the case, especially among less senior medical staff and nurses [22, 32] .
Theme 2.3: Implementation Process
When training on using the PTTSs was implemented effectively, nursing staff reported a greater ability to read the chart and recognize deterioration [33] . However, senior doctors may be unaware of their expected role in the use of the PTTSs [39] . In addition, it appeared that staff in some studies did not feel training was adequate [38, 39] . Specific issues identified that could be remediated through training were the awareness of senior doctors to adjust parameters when required for certain conditions [33, 39] , and the lack of strict guidelines for how the system should be used [35] .
Nurses have lauded the improved inter-professional communication and greater prioritization for patients at risk of immediate deterioration that is afforded by the implementation of a PTTS [22, 35, 40] . However, there can be a disjunction between doctors and nurses' perception of how to utilize the system. Nurses see the system as a method to get doctors to come and examine a particular patient [32, 34, 39] . Although junior doctors also appear to approach PTTSs as a prioritization tool to assess the severity of deterioration, they have more of a focus on the specific scores that are used to derive the overall score-despite the score not having been designed for this purpose [22, 40] .
Theme 2.4: Local context
The introduction of a PTTS was well received in contexts where staff could seamlessly incorporate the system into their existing work patterns [32, 34, 37] . However, a common finding was that the level of understanding of the PTTS was not consistent across different professional groups [22, 32, [34] [35] [36] 39] . It was reported that delays in response times were a result of doctors' lack of awareness of their specific role when implementing PTTSs [32, 39] .
Discussion
A consistent finding in articles on quality improvement in healthcare is that change is difficult to achieve, and can be challenging to sustain [41] . PTTSs have been identified as an effective intervention for identifying deteriorating patients [42] and a means of reducing the occurrence of SAEs [43] . However, in spite of the potential for improving patient safety and quality of care, issues relating to compliance with PTTS protocols have been identified [32] .
When introducing a behavioural-based safety intervention, such as a PTTS, it is important that consideration is given to the sociotechnological system. These systems approach to complex organizational work design recognizes the interaction between people and technology [44] . This systems approach recognizes that changes in an organization require the consideration of a range of factors interacting at different levels (e.g. individual healthcare providers, teams, organization, economic and political context [44] ). The findings from this systematic review have demonstrated that there is a need to consider both how the system fits within the current workflow, and the implementation process itself.
The findings from our systematic review are in broad agreement with many of the factors that were identified as being detrimental to the implementation of the World Health Organization (WHO) surgical checklist identified in the Bergs et al.'s systematic review [27] . For example, workflow, psychological ownership and training were common issues with both safety interventions. This finding is unsurprising as the implementation of any new patient safety intervention is a complicated process that requires a consideration of how the proposed safety improvement integrates within a complex sociotechnological system. Simply imposing a safety intervention is unlikely to be effective if the implementation process has not been carefully considered [35, 39] .
The papers included in our review suggest that PTTS can increase the frequency of 'false positives', workload and need for intervention [22, 32, 39] . In order to be useful, PTTSs must balance specificity and sensitivity. Therefore, the precision of the thresholds included may be crucial [45] . Too many 'false positives' may discourage staff from engaging with the PTTS. Therefore, it is perhaps unsurprising that compliance with PTTSs has been found to be poor [38] . This lack of compliance may be exacerbated by the lack of willingness of senior doctors to modify the parameters [39] . The belief that PTTSs have a negative effect on clinical judgement is also a common criticism levelled at these systems [22, 32, 38] . PTTSs should act as decision support tools that reinforce clinical decision-making as opposed to replacing it. A mechanism that has been suggested for encouraging nurses to use their clinical judgement in assessing patients may be to alter PTTSs such that nurses' perceptions of changes in patients' conditions could contribute to the overall score [46] .
It is noteworthy that the importance of support for senior leadership was not explicitly mentioned in the majority of the papers included in this review. However, it was common that senior medical team members were unaware of their role in the PTTS process [22, 33, 35] . Although support from leadership was infrequently mentioned, it is arguably implicit in terms of being required to address issues of workflow, aligning the system with existing guidelines and supporting education and training. There is a growing literature demonstrating that sustainable interventions require active and supportive leadership, an infrastructure to support the intervention, training, involvement of key internal and external stakeholders, multidisciplinary collaboration, support for local adaptation and rewards for innovation and change [47] . A supportive leadership has been identified as an important factor in the successful implementation of any safety system [48] .
Future research
Based upon the review, it is possible to identify a number of areas for future research. First, the quality of the papers included in the review was variable. Researchers should ensure rigour in both data collection and analysis in future qualitative assessments of PTTSs. Second, future research should ensure that the opinions of all of the groups that are involved in the use of a PTTS are represented. The majority of included papers focus on one particular group of The PTTS was useful in building confidence in recognizing and communicating deterioration, especially for newly qualified and student nurses. 'You see, with the early warning system you have got more ammunition, haven't you…It provides what you need to get a doctor there, I think. It gives you…your full objective facts' (Elliott et al. [32] ). However, there was the view that the tool was an example of de-skilling and erasing clinical judgement (Elliott et al. [32] ). 'We should be educating junior staff to look for more than just teaching them to use colours' (McDonnell et al. [33] ) Increased intervention
The PTTS was successful at improving the nurses' understanding of the need to emphasize importance of doctor review. 'You can see the score is getting higher and shove it in front of them and they [the doctors have] got to look at it, haven't they?' (Cherry & Jones [34] ) Perceived importance
The PTTS was beneficial during handovers for junior doctors, and provided a rationale for contacting more senior doctors. healthcare professionals, and even when doctors were included they tended to be smaller in number than nurses or midwives. Although most of the included studies did not include detail about the seniority of the participants, only one study [36] specifically reported the inclusion of senior physicians. Therefore, it is likely that the opinions of this particular group were under-represented. Finally, in addition to the issue of representativeness, researchers should ensure that there are sufficient numbers of participants to reach data saturation. To illustrate, three of the included studies had seven or less participants. It is difficult to provide an exact number of when data saturation is achieved. This depends upon the methodological and epistemological perspective of the researcher [49] . However, it seems unlikely that a sample of <10 respondents from one professional group of healthcare providers is going to provide a complete overview of every perspective to the use of a PTTS.
Limitations
There are a number of limitations to this systematic review. First, although we aimed to reduce reviewer bias by having two authors conduct the data extraction independently, the published conclusions are only representative of the reviewers' interpretations of data presented within the included papers. Second, we adapted Bergs et al.
[27] thematic structure to analyse our data. It is possible that the adoption of another structure to analyse the content of our data may have yielded different outcomes. Third, there was variability between the type of PTTS, and the domain of healthcare in which the PTTS was applied. As such, arguably, caution should be taken in drawing general conclusions due to these differences. Nevertheless, there are considerable similarities between these PTTSs, and they share a common purpose of identifying acutely unwell patients. This is reflected in the homogeneity of the themes found across the papers. Finally, we only reviewed qualitative data in this systematic review, which can lead to general criticism of qualitative research concerning researcher bias and generalization [50] .
Conclusion
PTTSs are complex socio-technological interventions that require consideration at the level of the individual, team, hospital and policy [47] . It is essential that future research explores modifications or strategies that may allow for the better functioning of PTTSs and assesses the The score packages a multitude of changes in vital signs together to improve the credibility of a patient referral: 'There's a certain level at which you need to report things, whereas sometimes I think without the scoring system you could be reporting lots of little things all the time and always being told that it's nothing to worry about' (Andrews & Waterman [40] ) Organizational context One criticism of nurses' implementation of the system was the suggestion by medical staff that nursing staff viewed the PTTS as a way of offloading responsibility (Bergs et al. [27] ).'Some nurses see [the PTTS] as something where they ring you and then wash their hands-They've rung someone, anyone, so their job is now done' (Bergs et al. [27] ). Nurses criticized medical staff for failing to adequately fulfil the duties required of them by the chart: doctors commonly failed to complete the section of the chart documenting previously recorded changes: '…getting the doctor to fill in the modification…a nightmare' (Elliott et al. [32] ) effect on patient outcomes. Implementing a new safety system is more than just eliminating barriers [27] . Successful implementation of a PTTS must address the social context in which the PTTS is to be implemented. Consideration must also be given to how the system is integrated with current work practices, and how to foster support from the end users. The absence of an effective implementation strategy will mean that the potential benefits for patient safety and quality of care of PTTSs will not be realized.
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